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Tlffi  EXP]':FJL25NTAL  I'JU'JUFACTURE  OF  SOAP  HITU   RECOVLRS  OF  GLYCERIC. 

Soap  is  the  .'metallic  salt  of  non- volatile  fatty  acids.   Commercial  wash- 
ing soap  is  a  aixture  of  ve.rious  fatty  acid  baaea  .vith  either  sodiuus  or  po- 
tassiums as  the  metal.  The  fatty  stock  is  derived  frou  either  aiiinal  or  vege- 
table sources,  and  is  usually  in  the  form  of  glycerines  of  the  fatty  acids. 
Soap  is  made  by  decoaposition  of  the  glyceride  by  aodium  or  potassium,  hydro- 
xide, with  separatione  and  purification  of  the  resultaiit  soap.  This  takes  place 
according  to  the  follojin:;  equation. 

C,H^(GH)3  t  3C18H35O2  .  IJa 
In  the  soap  factory,  oj-dinary  laundry  or  toilet  soap  is  made  by  the 
boiled  process.  Tliis  is  done  in  several  stages. 

The  melted  fat  and  lye  at  15°  Be'  are  riui  into  the  kettle  togetlier,  while 
free  steasi  is  blown  in  to  mix  then,  and  to  forn  an  emulsion  of  xhe   oil  and  lye , 
whjch  is  essential  to  the  beginning  of  the  saponification.  It  ia  very  essential 
that  this  emulsion  be  fonuici,  or  the  resultant  saponification  will  not  take  place 
properly.   Strong  lye  ia  'chen  added,  a  small  portion  at  a  time,  and  boiling  is 
continued  to  complete  z'.\i   saponification.    '.lien  coaipletely  saponified,  it  is 
grained  or  salted  out  by  adding  common  salt.   This  caiises  a  separating  of  the 
soap  from  lye  aiid  glycerine.   Tiie  steam  is  cut  off,  aixi  the  soap  allowed  to 
stand  for  several  hours,  ./hen  it  rises  to  the  top  and  solidifies.   The  salt 
lye  Bind  glycerine  is  dra\m  off,  and  treated  for  the  ri?covery  of  glycerin. 

Strong  lye  is  no;?  added,  and  for  yellcv  soaps  rosin  is  introduced;  for 
white  soaps,  tallow  or  cocoanut  oil  are  used  instead  of  the  rosin.  The  boiling 
is  continued  for  some  hours  until  the  soap  becomes  clear  and  semi-transparent. 
It  is  then  settled  for  some  hours,  ana  the  lye  dra'.ni  off.  It  is  then  settled 
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or  fitted  by  boiling  up  ^7ith  water  aiid  allo.ving  to  settle  for  son-i©  days.   This 
removes  excess  caustic  lye  and  any  insoluble  iiapuritios.  The  contents  of  the 
kettle  separate  into  ■Jirco  layers,  the  soap  on  top,  lyo  at  the  bottom  and  be-* 
tween  them  a  dark  colbred  layer  called  nigro,  containing  caustic  lye,  soap, 
water  aiid  various  organic  ic^urities.   The  lye  and  nigre  are  drawn  into 
separate  tanks  mid   the  soap  is  pumped  to  tlie  crutcher,  which  is  a  very  effi* 
cient  mixing  aachine.   After  being  thoroughly  crutched,  the  soap  is  run  into 
frames,  where  it  stands  for  Gouie  days.  It  is  then  cut  iiito  cakes,  pressed 
and  sold. 

SfiT^oflific&tion  ae.  Carried  out  in  the  .Uborator-/. 
A  saponification  of  tallov  i,ras  carried  out  as  follovs:- 
The  tallc;/  1-iad  a  saponification  number  of  195 "O;  the  anount  used  -aras 
500  gms.  of  tallow,  which  -iTOuld  require  97-5  gjos-  NaOH.  This  was  added  in 
four  portions,  of  24.4  guc.  each,  the  alkali  being  added  in  a  lye  of  15*^  Be'. 
The  additions  were  as  follov/s:- 

Melxed  tallow  5^0  gms. 

^^ater  275  cc 

Lye,    19';!  HaOH  *  29°3e'  125  cc 

The  above  'vyas  boiled  into  an  ataulsion  before  savj  additions  were  wa.de. 
The  next  addition  T^as 

T7ater  125  cc 

Lye  125  cc 

Boiled  again,  then  added 

'■'ater  125  cc 

Lye  125  CO 
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Boiled  again,  then  adued 

\7ater  125  cc 

Lye  125  cc 

This  completed  the  theoretical  amount  of  alkali.  The  soap  was  conpletely 
saponified,  and  grained  by  the  addition  of  concentrated  salt  brine.   The  soap 
▼as  then  allowed  to  settle  and  solidify^  over  night,  aiid  the  brine  run  off. 
The  soap  was  then  boiled  up  v/ith  \7atcr,  grained  aiid  again  allowed  to  cool. 
After  sepEurating  tJ-ds  brine,  the  process  \?as  repeated.  Finally,  the  soap  was 
separated  from  the  briiae  as  before,  melted,  and  allowed  to  cool.  The  result-* 
ing  product  was  pure  -Jhite  and  contaiued  tut  little  water.  It  rapidly  dried  out, 
and  fonaed  a  aass  which  was  granulatein  texture,  and   cruobled  easily.  It  did 
not  lather  freely.  Its  compoeition  was  as  follows :- 

Uoisture  2T.A% 

Analyses  on  dry  basis; 

Alicali  as  soap  11. 75% 

MaCl  8.48f, 

Unsaponified  .87^, 

Uasaponif iable  .jX% 

Fatty  anhydride  57.9'^ 

Free  acid   (as  Oleic)  .^2% 

The  next  attesqjt  was  a  saponification  of  Cottonseed  oil. 

Stock--  Cottonftead  Oil 

Lye  28°  Be 

Saponification  Nutaber  of  the  fat  185 

Anoujit  used  350  grans 

Amount  lye  t>4  graxaa 

Amount  lye  28°  Be'  240  cc. 
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The  aaponification  was  carried  out  in  four  steps,  using  60  cc  of  alkali  and  240  cc 

of  v/ater  in  each  step.   This  makes  a  lye  of  14°  3e'.  The  soap  v/as  emulsified  and 

boiled  as  in  the  case  of  the  tallo'J.  ''!hen   coiapletely  saponified,  the  soap  was 

grained  with  about  30  co  of  lye  at  30°  Be^  settled,  cooled,  and  the  lye  dravm  off* 

It  was  boiled  up  vith  water  for  an  hour,  and  grained  "Jith  the  least  possible 

amount  of  solid  sodium  chloride,  and  again  settled  and  the  -./ater  run  off.  This 

soap  was  of  uiich  better  quality  than  that  first  loads.  It  was  solid,  and  lathered 

fairly  well.  It  did  not  dry  out  very  fast.   It  analyzed  as  follove:- 

Mpisture  35.9^ 

Dry  basis 

Alkali  Lb   soap  (Na20)      10,2'l 

Unsaponif iable ) 

Unsaponiried  )  ,7f» 

?ree  acid  (as  Oleic)         .35 

Fatty  anhydride  68.9^ 

The  follo\7ing  nethods  v/ere  followed  in  the  above  analyses :- 

THE  RZICOVERY  OF  GLYCERIC  FROM  SOA?  LYE. 
Glycerin  is  an  organic  coopound,  its  foi-mula  being  C-z'tlAOH)^.       It  is  a 
biproduct  that  is  obtained  \7hen  fats  are  aaponifidd  'aith  alkali^  according  to  the 
equation 

C3H^(Ci3H.^02)3  *  3NaOH 

.  C3H^(OH)3  *  3C^gH3^02  .Na 

The  spent  lye  is  draJ^n  froa  the  eoap  kettles,  and  sent  to  the  glycerin  plant, 
where  it  is  purified,  its  alkali  neuti*ali2ed,  evaporated,  the  salt  recovered, 
and  the  crude  product  distilleri  in  vacuo  with  the  aid  of  superheated  and  expandec. 
steam.  Ae  we  carried  out  our  tests  v;ith  very  crude  apparatus,  the  results  come 
far  froia  equalling  those  obtained  in  practice.  The  follov/iug  is  a  description 
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of  the  process  emplbyed  and  of  the  reoults  ottained.   The  spent  lye  used  'i?as 
obtained  from  Armour  and  Coupany.   Its  composition  \ra9: 

.  Sp.ar.        1.07 

NalMi  .17 

lia^jCO  .20 

Total  alkali  is  NaOH  .31 

MaCl  7 .31 

Glycerin  3-1^ 

The  lye  contained  a  large  aaounx  of  organic  matter,  both  suspended  and  in 
solution.   The  saople  taken  weighed  thirty-one  pounds.  In  order  to  remove  the 
organic  iiapurities,  .5%  of  alum  (36  gas)  was  added,  which  precipitated  them  as 
an  aluminium  soap.  The  lye  ..'as  then  neutralized  with  the  exact  calCiulated 
amount  of  sulphuric  acid  (1.84)  I5  cc,  and  filtered.  The  lye  ^as  then  evaporat- 
ed in  an  open  kettle  until  most  of  the  salt  had  crytJtalized.  This  was  separated 
by  filtration,  and  the  remaining  lye  treated  vith  3O  cc  of  a  lO^'.  solution  of 
barium  chloride.  This  treatiienx  v/as  made  because  the  half  crude  glycerin  con- 
tained considerable  organic  impurities,  which  could  be  precipitated  as  a  bariian 
soap.  This  soap  was  filtered  off,  ajid  the  evaporation  continued,  until  crude 
glycerin  was  obtained,  v/hich  analyzed  75*1/''  glycerin*  It  was  separated  as  com- 
pletely as  possible  from  the  salt,  and  distilled  \/ith  stesia  as  below  described. 

The  apparatus  used  in  this  disillation  consisted  of  a  steam  boiler.  A, 
which  supplied  ateaa  which  peiased  through  a  superheating  coil  B,  heated  by 
two  Bunsen  burners.   The  still  proper,  C,  an  air  condenser  D,  a  Leibig  con- 
denser G  and  receiver  I. 

The  boiler  had  a  capacity  of  about  four  gallons.  The  superheator  -as  a 
coil  of  one-eighth  inch  coppt  r  tubing,  through  which  the  eteen  was  passed.  The 
still  was  of  epuii  copper,  provided  -Jith  a  tight  fitting  cover,  a  place  for  a 
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thermometer,  and  inlet  and  outlet  pipes.   -he  inlet  pipe  extended  to  the  bottoa 
of  the  still,  and  v/as  provided  v/ith  holes  to  allow  the  passage  of  steam,   xhe 
outlet  was  connected  to  a  500  cc  filter  flash,  vihxch   served  as  an  air  con- 
denser; the  outlet  of  the  filter  flask  v/as  connected  to  a  long  Leibig  condenser, 
which  condensed  the  steam  and  the  gl'/cerin  that  was  not  condensed  in  the  air 
condenser.   The  condenser  lead  into  a  receiver  through  an  air  tight  joint,  this 
receiver  being  a  1000  cc  filter  flask.   A  filter  punp  or  aspirator  served  to 
produce  the  suction,  Thich  was  applied  at  the  receiver.  A  bent  U  tube  filled 
with  mercury'  served  to  indicate  the  vacuina  in  the  system. 

Steam  vms  generated  in  the  boiler,  andlfead  through  ':he  superheater.  The 
still  waa  filled  about  one-fourth  full  of  crude  glycerin,  ai^  heat  applied  vdth 
a  Bunsen  bui-ner.   The  superheated  steaa  passing  tlirough  the  hot  crude  glycerin 
carried  some  glycerin  vapor  oat  of  the  still.  Tnis  vapor  v/as  partially  con- 
densed in  the  air  condenser,  \vhich  v/aB  cool  enoi;gh  to  condense  the  glycerin,  bu^ 
too  hot  to  condense  much  water.  The  remaining  glycerin  condensed  7;ith  the  r/ater 
and  some  volfwtile  organic  acids  in  the  lafit  receiver.  In  order  to  prevent  vola- 
tile fa-;ty  acids  f  roia  distilling  vith  the  glycerin,  about  1%  of  sodivua  carbonate 
was  added  to  the  glycerin  in  the  still.  This  coubines  T;ith  the  acids,  forming 
non-volatile  sodium  salts,  -Jhich  remain  in  the  still.  These  consist  chiefly  of 
aodiun  acetaxe,  -jhich  is  recovered  as  such  in  practice  and  sold.  Considerable 
amounts  of  sodi'ja  butyrate  eiiu  sodiuD  caprylate  are  also  forued,  but  do  not 
find  a  market.  In  our  first  atteu^  -  to  distill  the  crude  glycerin,  -.^e  did  not 
heat  the  still  directly,  vith  the  result  that  the  steaa  condensed  therein  instead 
of  carrying  over  che  glycerin  vapors.  The  glycerin  had  to  be  again  evaporated 
before  the  next  attempt  was  nade.  0:n.ng   to  there  being  too  much  '«ater  in  the 
glycerin,  the  mixture  boiled  over  into  the  receiver,  -./hile  the  temperature  in 
the  still  was  only  130°  C.   The  glycerin  was  again  concentrated  and  filtered,  a 


■''  •      H/--.      ■    ; 


, .;   ,-.. 1. 


■     -v..  ■  ■•(•(:•■    S 


;'i> 


•'V,'iV  n'/v-      ,:r  ;-';r-     ■;  ■    .••.( 


'•■  '•  '\- 


■:■■'-..■  i- 


7.  1 


little  more  podium  carbonate  added  and  heated  to  110°  C.  Tlie  cover  was  fastened 
down,  and  superheated  steam  passed  again,   Great  care  wae  taken  this  tims  to 
mako  all  connections  very  tight,  the  steaia  \ira8  superheated  to  a  higher  degree  and 
a  flame  again  placed  under  the  still.  This  attoapt  was  successful  in  securing 
glycerin,  although  a   oonsiderable  amount  failed  to  condense  in  the  aiii  condenser. 
Glyoeriii  started  to  come  over  at  190*^  C,  but  it  v/ae  found  tliat  210°  m&s   condu- 
cive to  greater  efficiency.   Much  higher  tlmn  this  resulted  in  too  great  decoia- 
position  of  glycerin,  and  even  210°  is  much  too  high.   Tor  this  reason,  as  great 
a  degree  of  vacuum  as  practicable  is  always  empieyed  in  practice,  thus  loitering 
the  temperature  to  about  320  ?  (loO  C)  for  the  vapotB  passing  off,  and  300  F 
(1500  )  C  for  the  incoming  steam.  This  keeps  the  temperature  belov  the  point 
where  decomposition  products  ere  formed.  The  best  vacuum  tfe  could  obtain  with 
our  suction  pUB^  w&a  about  three  ii:^che8  of  aercuri'. 

The  product  of  this  distillation  vafi   dark  in  color,  and  of  strong  odor. 
It  contained  only  bOf,  glycerin,  the  recainder  being  mostly  vrnter.   It  was  found 
that  the  Leibig  condonser  becaiae  rather  varm,  and  that  the  coiidensed  sweet 
crater  contained  much  glycerin.   This  T7as  evaporated  aiid  that  from  the  air  con- 
denser concentrated  in  evaporating  dishes.   In  ox-der  to  condense  more  glycerine 
in  the  air  condenser,  the  copper  delivery  tube  "J&a  increased  in  leagth  from  one 
foot,  to  three  feet.   This  gave  greater  air  surface  and  v/as  sTiccessful  in  gain- 
ing the  desired  result.   The  condenser  was  changed  for  one  of  much  greater 
capacity.  V'e  yere  then  able  to  obtain  a  vacuum  of  four  inches  in  the  system. 
Uore  sodium  carbonate  was  then  added  to  the  gl^reeria,  smd  it  vas  redistilled.  By 
paying  careful  attention  to  all  details,  and  vith  the  changes  in  the  apparatus 
just  mentioned,  nearly  colorless  glycerin,  of  about  Bt1»   (by  analysis)  confcentra» 
tion  ^as  obtained.  Arjalysis  of  the  sweet  tvater  showed  only  l,51^  glycerin,  which 
is  about  what  is  obtained  in  practice.  The  distillation  was  not  carried  to  its 
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Composition  of  spent 
lye  used. 


finish,   as  the  last  portion  contains  decomposition  products   c^hich  vould   con- 
taminate the  produce.       The   glyceriii  in   the   air  receiver  \/a8   then  passed  through 
bone  charcoal,    the  resulting  product  being  absolutely  colorless,   ajid  with  slight 
odor.       It  contained  87v2"'.  glycerin.       In  standing,    it  xurned  yellov/. 
ihe  follo-^iiig  are  tha  results  obtained: 
Sp.Gr.  1.074 

NaOH  ,17 

Na2C03  .J(? 

Total  alkali  as   MaOH   .3I 
NaCl  7.51 

Glycerin  5«lt> 

''eighv  of   lye  used     -  501  02, 

Total  glycerin  present  s  440  graiaa . 

Added  0.5'.o  alvzi  -  Jo  grans 
Addad  15  cc     1.84  H2S0^ 

30  cc     lOj,  3aCl2  added  to  }ialf  cruds  containing  35r-  glycerin. 
Tree   fatty  acid  test  on  half  cr'Jde  slioued  none  present* 
Cruae  glycerin     75' I';-'     43ogus. 

.751  X  43o  -  370  gms.   pure  glycerin 
Total  ongiaully  prosent,    440  gms . 
Loss  70  gms. 

AioQunt  salt  prssenx  at  start  j6.62   oz. 

Aiuoujit   recovered  jS.OO  oz  . 

The   excess   is   from  the  neut.-alizatj-on  by  H  50. 

2     * 
/imo'jiit  of  glycerin  after  distillation 

120.5  gus.   Dp.Cir.    1.187  t   3.J.8  gus.  pure 

40.5     guS'   Sp.Gr.    1.10  -   1^.2   gi3s.  pure 

21    g^s.   concentrated      s  21____gps.  pure 

Total  123   giJs.  pure 

Yield  s  123/440  r  2&'';, 
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DESIGM  or  STILL  701.  GLYCEI.III. 

It  c£U'i  be  seen  froia  the  poor  effieieucy  and  inferior  product  chat  vas 
obtained  in  the  laboratory  apparatus  we  used,  that  iiiany  changes  must  be  oade 
before  anything;  approacliir.i:^  beat  economy  can  be  realized.   It  is  also  nbcessary, 
before  a  concentrated  product,  containijig  no  organic  iiapurities  or  docoaposition- 
products  C£ui  be  obtained,  to  have  proper  condensiiig  devices,  and  a  distillation 
at  a  teit5)erature  not  to  exceed  1jO°  C.   This  is  obtained  by  the  use  of  vacuum 
about  26  in.  mercury  being  used  in  practice.   If  oteam  directly  froia  the  boilers 
be  sent  through  the  glycerin,  when  the  cysteia  ia  uiider  high  vacuum,  the  s-jeam 
in  expanding  will  absorb  a  large  awoitit  of  heat,  ;rtiich  it  '.fill  take  from  the 
glycerin  in  the  still,  thus  preventing  its  conversion  into  vapors.  Hence  it  is 
necessa-^y  to  e;:pa:id  the  steaa  before  it  enters  the  atill»  Only  two  systems  have 
been  devised  \;li:".ch  are  successful,  thi33e  beinr  rigidly  covered  vith  patents.  Tlie 
"Jobbins  and  VonDuuabech"  systea  expands  the  steau  in  suitable  coils  before  send- 
ing it  into  tlie  still.  The  other  system,  the  "Uarrigues"  still,  is  very  ingenious 
in  its  return  to  tae  gysteci  oi   heat  that  would  otherwise  be  lost.   Believing  it 
to  be  the  best;  ve  huvc   cliooen  that  systeu  as  the  basis  of  our  dssign.  This  stiJl 
is  designed  to  distill  about  2000  cc.  of  glycerin  per  hour.   It  consists  of  the 
following  parts,  the  letters  referring  to  the  aaseabled  araviug: 

A  Glycerin  still 

B  Catchall 

C     Supp  rheater 

J     Hot  v/ater   condenser 

n     Sveet  '"ater  condenser 

?     Sweet  v/ater   evaporator 

G     Catchall. 
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Crude  glycerin,  ubouu  75*30'7j  is  run  'ohroiv^h  -;ie  pipo  Z,  'oy  raeaiis  of  the 
vacuum  in  the  still.   The  level  is  uiaiiitaiuec!  nearly  consxELi":,  by  running  in 
crude  glycerin  as  ii.ie  distillation  progresses.    ihe  3uper]ieated  and  expanded 
steara  passes  in'wO  the  still  tiirough  the  bent  pipe  Y,  -nich  contains  numerous 
small  holes  on  tho  under  side.   As  this  atean  passes  tlu-oivgh  the  ;];lyceri2i, 
it  carries  with  it,  froia  one  third  to  ono  half  its  veight  of  glycerin.  Any 
solid  or  liquid  matter  is  sent  back  to  the  still  by  being  caught  in  the  catchall 
B.   iheae  vapors  are  heated  to  about  520°  F,  or  1^0°  C,  this  being  done  by  means 
of  the  stean  coil  in  tha  still  tlirough  >/iiich  stean  at  100  lbs.  pressure  is  sent. 
As  the  vapors  of  glycerin  aiid  v.'ater  pans  through  the  superheater,  they  neet  sv.r- 

80 

faces  that  are  warmer  than  tht;  conuensiiig  point  of  /ater,  but^cool  tlmt  glycerin 

will  condense.  This  is  done  by  passing  the  sreet  './ater  vapors  through  in  the 

opposite  direction,  as  here  after  described.   Vho  vapors  still  contain  a  large 

amount  of  glycerin,  so  they  are  parsed  through  condentseu  L,  v/hich  contains  a  coil 

thiTough  which  a  vater  at  IJO®  7  (65°  C)  or  above  is  circulated  so  that  no  -.Tater 

after 
vapors  will  condense.   In  i~ood  practico,  pa.83ing  through  thece  vjo  condensers, 

the  sweet  water  contains  only  1»5',-  glycerin.  This  s^7eet  -'atcr  is  conder.sed  in 

the  cold  water  coaaenaer  T,,   from  which  it  passes  through  the  vacu'ju  puap  into  a 

suitable  racepticle.    -he  puup  must  be  suTficiontly  pa.^erful  to  isaiutain  24", 

if  possible  2b  inches  of  mercury.   It  is  aesirabjle  that  not  all  thf;  r;lycerin 

be  condensed  in  the  first  trro  condensers,  because  tliare  is  still  aoiiie  volatile 

fatty  acids  reiiaining,  •./hich  ar^  condensed  in  the  s'./set  rater.   The  rlycerin 

in  the  sv;eet  vater  is  recovered  by  evaporating  to  a  crude  glycerin,  aiid  redistill" 

ing  as  before.   This  evaporation  is  carried  out  in  the  s'Joet  ra^.er  evaporator  F, 

The  evaporation  is  carried  on  under  24^^26  inches  of  vacuuu,  and  the  steaii  leaid 

through  the  catchall  G  to  the  superheater.  Here  it  ueets  the  hot  glycerin  vapors 

froE  the  glycerin  still,  aiid  is  superheated  there  by.  The  steau  being  rauch  cooler 
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than  these  vapors,  conclenoers  glycerin  '..*v,hov.L  condtiiiaii^g  waxer,  The  super- 
heated steau  is  'ohen  load  in-;o  the  still,  £uicl  through  the  glycerin  as  before. 
The  staam  used  'co  heat  the  r^lycerin  still  is  also  serit  through  the  steam  coil 
in  the  sveet  '.rater  evaporater.  Thus  it  cjh  be  seen  that  the  heat  efficiency 
of  this   apparatus  is   about    cho  best  that  caai   oe   obtained. 

These  calculations  are  m^de  on    ihe  basis   of   065  mu*   or  2j   in.   of  vacuum 
aiid   for  a  capaci';y  of   ^000  cc   of   sweot  water  evaporated  per  hour. 
Given  65O  dq.   vacuum; 
Steaa  a':  ljO°  C. 

100  livers  per  hr.   p3r  sq.   aeter  of  heating 
Surfaces  ctui  be   evaporated. 
'■'e  will  start  ./ith  an  evaporator  of   folio  .ing  dii^ensions;* 
Diaiaeter  15.24  cm.  a  6" 

Height  20. j2  cu.  »c" 

Cross   section  lo2   sq.    cm.  e   23.27   sq.-  in. 

VolTaas  3700  cc  a  22o  cu,    in. 

3incs  ve  desire  xo  evaporate  oOOO  cc  per  hour,    /a  \7ill  need   ./lOO  5    .06 
sq.   meters   of  heating   surface  ;  600  sq.   cu. 

Use  a  copper  pipe  j/1j"  s   .47o  cm.   in  diaaeter,   emd  let  the  pips  be  roade 
into  a  coil  5"   (12«7   cia)   in  dianjeter  and   Of   10   wurns. 
The  heating  surface  "yill  be:- 

12.7  dia,   t  40  cm.    iii  circ^jaf erence 
.476  ca.  dia.  ■  1.5  cu.   in  circ-jjaferonce, 
lach  turn  has  area  of  I.5  x  40  •   cO  sq.cni. 
10  turns  have  cursa  of   -jOG  sq.   ca. 
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Diaaeter  of.  Pip.ss. 

The  volume  deliverod   .rill  be   oOOO  cc   per  hr,   or  1  2/3   cc  per  sec.    of 

liquid.        At  6o5  ti^.    'the  etetio  is   expa^ideU   to  10000  volunijs.      Hence,   -/e  have 

lo.oOO  cc's  of  -/ater  vapor  pa.ssiug    ihro'i^h    olij   sys  +  an.        Good   praciice   is   to 

allow  a  velocity  of   15    ^o  23  tietera  per  second   for  the   steaxa.      AssL^ue   1-    2/3 

iiieters  per  second  -   IjoO  en.   per  second.     'Jhen  the  area  of   the  pipe  must   be 

ISdOO     -  10  sq.    c-u.   5  1  5/3  inches. 
IboO  ' 

Sweet  '/"atsr  .Condenser. 

■^e  must  condense  6000  cc  ox  -va-cer  per  hour.     Heat  of  steaE  '-/ill  be  about 

600  cal.        Then  we  have   bOO  K  (sOOO  •-  3,, .00, 000  cal.   per  hour,        /J-Iot;  18^  C 

rise  in  temperature  of  cooling  water,       "fe  must  liave 

3,oOO,000 

*»-»—•—»     X  200,000  cc  coolinr  v.'ator  per  hour  9  55 '5'-^     cc.   per 
18  second. 

Allov;  a  velocity  of  20  cia.   per  sec,   v/e  tiust  have   an  area  of   about  3  S'^.   cq.    to 

carry  this  ^/aiier,     irlance,   ve  ne^d   ■:■   tubes  each   of    .5  sq.   cm.   area  s     5/1-'   iii«   in 

diameter. 

Ho  ever,    in  order  to   secure  a  good   vaeuuLi,   cuy   of    705  iJffi»    or  26"   of  nercury 

if  \/e  allCT  a  vater  velocit-y  of  21  ca,   per   sec.   and   a  steai;  velocity  of   loi 

iaeters  per  sec,  :/e  '•./ill  ;ieed  a  sm-face   01    1020  sq,   en.,    since  \7ith  t'le  above 

conditions,    a   surface  of   I.7  B<^i.  ue"i,ers   of   copper  lias  bviea  fovJid  to   condense  100 

kilos  of  stecOii  par  hO!.ir, 

Surface  s      ■;_  x  1,7  x  10000  «  1020  b.,,    ca. 
100 
To  secure  tliis   sv.rfi.ca,    10  v.xpos,    each   .8   ck,   dia.  »  2k5   cm.   circumference,  were 

used.        The  length  '..'as  huzde  40  cu,   a  1.    in,   an-,,  -jhe  urea  fir;ures   out   to  be   1020 

sq.   ca. 

In  order  to   secure   a  good  heat  efficiency,   all  exposed  parts   should  be 

T7ell  covered  '.-i^h  asbes'cos.      /J.1  pip  s  hi..ve   been  oade   of   the  sauae  cia^-ieter 


(1  3/8  in)  as  it  is  not  probable  that  26"  can  be  obtained  unless  the  fittings  ba 
very  well  oade.   idso,  "-he  velocity  of  the  steam  vapors  can  he   inci-e-.-ed  50}» 
without  injuring.';  th=  efficiency.   In  operating  this  still,  it  If  pi-ob^-bls  that 
the  vapors  will  not  be  heatec  xo  more  chan  l60°  2,   This  will  vnt   iiij-'j-.-e   the 
efficiency  materially.   The  glycerin  plant  at  Arnour  cc  Company's  rocip  -.•or'cs 
is  of  this  type,  and  the  tet:peratur6  in  the  superheater  did  not  go  above  180°  F, 
when  2i>"  v?;uvjn  '.^as  in  use.   It  is  intended  tliat  the-  receivers  from  the  tv;o 
glycerin  concansers  be  of  strong  glass  such  as  a  filter  flaak  aiid  that  they  be 
attached  by  is-:  i_is  of  rubber  ctoppers.  In  this  -jay  the  progress  of  the  distilla* 
tion  can  be  watched. 

The  references  used  were 

Modem  Soaps,  Candles  aiid  Glycerin  by  Samborn 

Industrial  Chemistry  by  Thorp 

Multiple  Effect  evaporators  by  Housebrandt 
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LTTHODS  OF  GLYCEHIN  ANALYSIS. 

Tlie  follo\7int;  methods  of  ejialysis  './ere  aJLlo\ved  in  this  investigation, 
'■'■'aste  Soap  Lye,      Tests  nade 

Sodium  chloride 

Total  alkali  is  I^aOH  j 

7rae  alkali  NaOH 
Coiabined  allcali  as  .;a2  CO^ 
Glycerin 
Specific  Gravity 
Total  .^-a.li:  , 

Transfer  by  iaeone  of  a  pipe'cta  to  a  5^0  cc.  flask  10  cc  of  the  sample  free 
from  soap  anc  foreign  aattar.  Add  about  I50  cc's  of  distilled  '.;ater.  Add  phenol-- 
phthaleiji  as  inc.icator;  run  in  from  a  burette  siu'iicient  half  normal  sulphuric 
acid  to  peiaianenily  discharge  «he  pink  coloration  produced  by  the  indicator;  boil 
to  expel  all  -races  of  carbonic  aciu  gas  (5  oin.)  cjid  titrate  the  excess  acid 
used  with  V\J2   caustic  soda^  To  ...scerxain  ■:;ie  percent  of  total  alkali  exprasBed  as 
ilaOH,  multiply  tha  nuuber  of  cc'a  of  h/2H2S0^  absorbed  by  0*2 

Alkali  as  Ka2C0i(Conbin3d  uUritli),  anu  Tree  Alkali,  as  l';aOH. 
10  cc  of  -ihe  aaaploj,  frea  froa  foreign  matter,  ia  titrated  uirsrccly  '..'ith 
half  normal  acid,  usin:,  iU^ch/1  oraitge  indicator,  cars  bei-i_:  coksr.  no-;  bo  pass  xhe 
end  point,  Phenolph:halein  is  then  added,  oja'.   tho  c.icl  poinx  again  found.   Gince 
methyl  orange  is  not  sensitive  to  carbonates,  che  first  titraxion  represents  xhe  , 
alkali  as  :<aOH.  Both  ".ogether  represent  the  total  alkali,  while  the  difference 
bet'aeen  ohe  first  tuid  second  titration  givee  the  amount  of  alti&li  <;<.s  carboi-iate. 
Specific  Gravity:- 

This  -as  :^cen  at  15*'  C.  'ith  a  '  estphal  balance. 
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Glycerin,  Bichrouate  Oxidation  Ketiiod. 

In  this  test,  'che  glycerin  is  oxidized  by  the  use  of  potassium  bichromate 
and  sulphuric  acid,  in  accordance  with  the  follo./iug  reactioni 

.SO, 

,   7K2^0^  *   7Cr2( 304)3  *   ^°"20  *   ^GOj 
Solutions: - 

Poxassj/Jii  .bichrqniate . 

75   gms.  K2€r,0-,  and  I50  gus   H:S04  Sp.Gr.   1.84  per  litre, 

rgr>-pu8.  /cjaon-'-p.  Sjuiplsxie^; - 

300  gus,  76:11-14(30^)2  and  10  cc  H2SO4     Sp.Gr.   1.84  per  litre. 

Solution  „of.  Potassj--]^,  fey.ricyaiiide.  ao   indicator:* 

Sta^idardizationa  :»• 

To  standardize  the  ."errous  anaronium  sulphate,   run  out  7  to  10  ccs   of  the 
bichromate  solucion  into  a  250  cc   beakor;   add  15   cc  of  H2SO4,    Sp.Gr.    1.84,    and 
heax   I  or  ons  half  hour  on  the   stefua  bath;   dilute   to  200  cc   and   titrate.     To   stem- 
dardize  the  bichroiia'ce  solution  against  glycerin,     .'eigh  out  O.05  gE.     Sheioically 
pure   glycerin  into  a  250  cc   beal:er,    add  about  l5   cc   of  bichroiaate   solution,   and 
then  clo-..'ly  15  cc   of  H2SO  (Sp.Gr.   1.34);  heat   for  one  half  hour  on  steam  bath  ar- 
bitrate  tils  e;cc::ss   of  bicliroiaucs  ■/itii  ferrous   aranoniue  sulphate   solutioni      In 
tliase   titrations,    uho  potu-ssiuu  ferricyanide  iiidicator  is  used  vjxternally  on  a 
porcelain  tile. 

Pi^_cedui' e_:  • 

"  eigh  out  1.5  -  2»Q  g:is.  of  sampls  into  a  25  cc  grad.  flask,  one.  add  1.5  g 
moist  silver  suJ-pliate,  ■..•ei^heLl  rourjlily.  The  solution  is  ciade  up  to  the  liiark  vrit'. 
distilled  /a-:er  aiid  o  frops  of  -./ater  are  added  to  displace  the  volucje  of  the  pre- 
cipitant adued.   '-ho  coatencs  of  clio  flask  are  then  shaken  until  all  the  sodiun.- 

cliloride  has  been  precipitated,  indicated  by  the  solution  being  perfectly  clear; 

1 
after  v/hich  the  super"nu"c©nt  liquid  is  Ciitered.   A  portion  of  the  filtrate  is 
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used  to  rinse  the  5  cc  pip'ixte,  5  cc  are  nor.;  pipcttod  into  Ei  250  cc  beaker. 
Bichromate  solution,   7  to  10  cc,  is  no.,  run  ±i\,    a£ter  \/hich  15  cc  of  (1.84) 
Sulphuric  acid  are  added.   The  contents  oi  tiie  beaker  (at  all  times  covered  7/i 
a  vatch  glass)  are  lieated  for  one  half  hour  on  the  steam  bath»   The  solution  a 
is  then  diluted  to  about  200  ccs.  cuid  che  excess  of  bichrouate  is  titrated  ..ith 
ferrous  axainofiiiua  sulphate  solution.   T)ie  utaost  unifonnity  of  prooed'.u-e  ruust  b 
follov/ed,  especiallj,ja8  to  the  excess  ox  bichrouate,  and  to  the  degree  of  diluti 

Transfer  by  uetuis  of  a  pipette,  5  cc  of  dSuaple  to  a  100  cc  bealier  and  adc 
50  cc  distilled  "Tate".  Lix  thoroughly  and  traiisfer  5  cc  of  the  diluted  vaste  1] 
to  a  4"  porcelain  evapora'cing  dish  (a  casserole  is  better).  Neutralize  with 
dilute  nitric  acid  or  sodi'uj  carbonate  solution,  using  phenolphthalein  as  indi- 
cator, '-'"hen  neutral  add  1  cc  of  potassiujj  chrooate  solution  as  indicator,  and 
titrate  to  a  penaanent  reddish  tinge  v^ith  N/IO  silver  nitrate  solution. 

C»  H»  Tsesdale 
Arnold  Pac/na.. 
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